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Executive Summary 

  
The National Aeronautics and Space Administration (NASA) is conducting research on 

airspace management and flight procedures concepts for Urban Air Mobility (UAM). A series of 
collaborative meetings between NASA and Joby Aviation, informed by Federal Aviation 
Administration (FAA) and Dallas Fort Worth (DFW) Airport subject matter experts, spanned 
several years and developed five use cases for operations in the DFW area. This report 
describes how UAM aircraft could navigate between vertiports within a region with a high 
volume of conventional air traffic in the neighboring areas and provides recommendations for 
introducing UAM operations at DFW. The objective of this effort is to evaluate the extent to 
which UAM flights are possible in the current National Airspace System and identify whether 
existing approaches to expanded operations will work for UAM.  

  
The five use cases were developed to include flights operating in both controlled and 

uncontrolled airspace. Some use cases involved flights departing from uncontrolled airspace, 
transiting controlled airspace, and arriving near a major airport. One use case involved 
repositioning a flight from a major airport like Dallas Love Field to the downtown area. Another 
use case focused on an aircraft malfunction requiring a diversion. The use cases covered 
issues that would need to be addressed to enable early implementation of UAM operations. 

  
A challenge identified during the development of the use cases is the potential for an 

increase in air traffic controller (ATC) workload due to the requirement to grant a clearance to 
enter Class B airspace and manage aircraft in that airspace. The tower controller must provide 
services according to the type of airspace, aircraft, and operating rules within their scope 
including separation services, traffic and safety advisories, handoffs, and beacon code 
assignments. Existing tools such as Letters of Agreement (LOAs) can be created to define 
specific procedures and reduce controller communications. These LOAs would need to follow 
FAA processes such as safety risk management and be compatible with any existing LOAs.  

 
Alternatively, a universal communications (UNICOM) area was proposed within Class B 

airspace over the Dallas Downtown area where many vertiports may be in close proximity. This 
area would have a common traffic frequency used by the pilot to maintain situation awareness 
and manage separation without involving ATC. This would reduce ATC workload by limiting the 
need for voice communication. Finally, it was suggested that a dedicated helicopter controller 
position may help serve larger numbers of all types of vertical takeoff and landing aircraft in 
terminal airspace to avoid placing increased workload on other controllers. 

  
The proximity of UAM routes to conventional traffic may cause challenges for traffic 

separation. The routes that are used to get to operating locations, particularly existing airport 
infrastructure, cannot always be placed far enough from the routes used by todayôs aircraft. New 
flight procedures for both existing and new operations could help to keep aircraft nominally 
separated without tactical mitigations, an approach requiring an airspace safety analysis and 
potentially additional training for pilots and ATC. New or updated routes may be specified to 
accommodate the types of operations being introduced, similar to the goals of the FAAôs 
helicopter route chart program. The participants discussed the potential for these airspace 
organization and procedure changes to remove constraints related to traffic separation, but 
further study is needed to develop solutions for specific operating areas. 

  
Traffic management challenges may need to be overcome as the number of operations 

increase in comparison to the current day.  For instance, helicopter flights in Class G and E 
airspace under visual flight rules in visual meteorological conditions may occur today without 
any ATC interactions. Increases in the tempo and density of operations in such airspaces may 
require new procedures, training, technologies, or airspace constructs.  Although traffic tempos 



 

were not a focus of the use case development, they were a common topic of discussion among 
the developers of the use case. Understanding the applicability of different solutions to 
achieving certain throughput levels should be an area of future research.   

  
Discussions among the developers of the use cases indicated that certain methods of 

accommodating new operations should have beneficial effects on scalability and safety, though 
each method is associated with a different level of effort. An LOA can greatly reduce pilot-ATC 
communications for some routes to enable relatively high traffic tempos and they can be 
implemented quickly compared to other methods, but they are region-specific solutions that may 
be challenging to generalize across the nation. UNICOM areas are effective at reducing ATC 
workload but shift the burdens of separation to pilots in a way that is difficult to scale.  Finally, 
airspace may be redesigned to improve safety and reduce ATC workload through the regulatory 
process. Each of these methods will be discussed here along with their potential benefits and 
drawbacks. 

  
A common recurring theme in the discussions was that, even though near term UAM 

operations are possible without any changes to rules or policies, controller workload, the ability 
to efficiently interact with existing airport traffic, and methods of handling increases in the 
number of operations are high-priority areas of study. Further research on early UAM operations 
could focus on how to manage clearances in and out of controlled airspace, employ a UNICOM 
area, use beacon codes, create an LOA to reduce demands on ATC, provide separation in 
controlled airspace, design and define UAM routes that are separated from legacy traffic, and 
manage contingencies. Both fast time and real time simulations with humans in the loop are 
suggested for exploring solutions to these research questions. 

Introduction 
Urban Air Mobility (UAM) is a mode of flight that could supplement todayôs ground 

transportation systems and existing helicopter operations that are limited due to costs and other 
factors such as noise [1,2]. In this paradigm, UAM aircraft would carry passengers and cargo 
safely and efficiently in urban areas using a new kind of aircraft. The long-term vision for UAM is 
expected to improve mobility for the public, alleviate road traffic, reduce trip time, and decrease 
strain on existing public transportation networks [3]. Various challenges exist to fully realize this 
vision of UAM operations. These include integration with existing airports and airspace, vehicle 
design and certification, and community acceptance. Careful consideration of these issues and 
their relationship with the National Airspace System (NAS) can help ensure that they will not 
constrain the growth of the UAM industry. 

 
Electric vertical takeoff and landing (eVTOL) aircraft are being developed that already have 

sufficient payload, speed, and range to efficiently move people within the urban environment, 
such as to and from airports. Some of those aircraft manufacturers, such as Joby Aviation, are 
actively working through the certification process, with the first certification expected as early as 
2024 [4]. Anticipating a significant increase in the number of aircraft operating in urban airspace, 
both the Federal Aviation Administration (FAA) [5] and National Aeronautics and Space 
Administration (NASA) [6] have developed concepts of operations (ConOps) describing how 
UAM operations will be handled, starting with initial operations to a long term, highly scaled, and 
autonomous future.  

 
Part of NASAôs UAM research is focused on creating and evaluating airspace concepts and 

procedures to support near and far-term UAM operations. The NASA UAM Subproject (under 
the Air Traffic Management-eXploration Project) and Joby Aviation are working together to 
identify requirements and propose solutions for managing UAM flights. The effort discussed in 
this paper assumes no major changes to the NAS and considers what constraints may be 
encountered under different operational scenarios. The scenarios, approach, and discussions 
from these collaborative sessions are described in this document. 
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Background 
Considerations for airspace and procedures are integrated into an evolutionary framework 

for UAM [7]. This framework includes scheduling, separation, contingency response 
management, and concepts for mature UAM. Several principles have been proposed to guide 
the development of solutions that minimize constraints to the growth of UAM [1]: 
 

1. Does not require additional ATC infrastructure 
2. Minimizes impact on ATC workload1 
3. Minimizes impacts to operations of traditional airspace users2 
4. Meets appropriate safety thresholds and requirements 
5. Allows for scalability 
6. Allows flexibility where possible and structure where necessary 

 
Following these guidelines, NASA has been researching UAM operations using both fast 

time and human-in-the-loop simulations. The first experiment in a series of studies conducted at 
NASA Ames Research Center evaluated the use of current-day helicopter routes and 
communication procedures for UAM flights [8]. This use case development was conducted in 
collaboration with Uber Elevate (now Joby Aviation) who reviewed the origin/destination pairs 
used for the study and provided potential business routes where available. Three different levels 
of UAM traffic were tested in simulations that emulated North Dallas area airspace. The current-
day helicopter routes were modified to separate them from traditional traffic and a Letter of 
Agreement (LOA) was introduced in some of the test conditions to reduce verbal 
communications.  

 
The research hypothesized that the modification of the routes and the introduction of the 

LOA would not increase controller workload and communications. There were three test 
conditions: Baseline without LOA, Current Routes with LOA, and Modified Routes with LOA. 
When the average time spent communicating was collapsed across all controller positions, it 
was determined for the Baseline Condition that the controller participants spent about 55% of 
the time communicating. For the other two conditions, the time spent was 44% and 46%, 
respectively. These results indicated an approximate 20% reduction in percentage of time 
communicating under the LOA conditions when compared to the Baseline Condition. 

 
Another analysis of the same study [9] examined the number of UAM flights controllers 

could manage under the same three conditions as above. The number of UAM flights that the 
controller could handle improved from the conditions that used the current routes to the Modified 
Routes with LOA. A similar result was seen for the percentage of flights managed of those 
planned for that sector. The Modified Routes with LOA allowed one group of controllers to 
handle almost 90% of the UAM flights that were planned versus about 70% using the Current 
Routes with LOA condition. 
 

This study also showed that the design of UAM routes should consider the proximity and 
configuration of airports in the vicinity of the routes (such as approach and departure paths and 

 

 

 

 
1   The original principle was to ñnot impose increased workload on ATCò, but research has shown that some increase is inevitable. 

The principle has been rephrased to minimize the increase.  

 

2The original principle was to ñnot restrict operations of traditional airspace usersò, but research has shown that some changes are 

inevitable. The principle has been rephrased to minimize the impact. 

 



 

direction of flow of traditional traffic) [10]. It was recommended that through careful route 
planning, UAM traffic could circumvent concerns such as noise and contingency management 
by avoiding congested or heavily populated areas and minimizing route segments that go 
through several sectors or transit Class B airspace (which creates additional pilot and controller 
workload). 

  
Discussions with subject matter experts (SMEs) identified a preference for routes with two-

way, altitude-separated traffic for simplified traffic management. The SMEs also suggested 
reducing the length of routes where possible for energy conservation and avoiding areas that 
are frequently subject to Temporary Flight Restrictions. They also recommended creating 
UNICOM areas within controlled airspace over the Dallas Downtown area to help reduce 
controller workload. A UNICOM area is a non-government communication facility (universal 
communications station), which provides airport information at certain non-towered airports. 
Locations and frequencies of UNICOMs are generally shown on aeronautical charts and 
publications and have a Common Traffic Advisory Frequency (CTAF) radio system. This 
common frequency is used by pilots to maintain situational awareness and manage separation 
at non-towered airports.  

 
The next experiment [11] was an engineering evaluation performed in collaboration with 

Uber Elevate to investigate whether NASAôs Unmanned Aircraft Systems (UAS) Traffic 
Management (UTM) architecture could be applied to UAM operations in the far term. It also 
evaluated whether the data exchange between multiple operators as planned under UTM is 
adequate for UAM in shared airspace.  

 
NASA and Uber Elevate applied the UTM paradigm as implemented in Technical Capability 

Level-4 (TCL-4) to UAM operations. The main premise of the UTM architecture as defined in the 
UTM Concept of Operations (ConOps) was to submit operational volumes where the small UAS 
planned their operations below 400 ft. The UAS Service Supplier (USS) submitted the 
operational volume and detected potential conflicts between aircraft.  

 
The study investigated three situations in which two operators conducted flights that shared 

traffic intersections and merge points. The UAM operators utilized the TCL-4 implementation of 
the UTM architecture and explored submission of tracking along routes and conformance 
monitoring to those routes. Strategic deconfliction was explored for the flights where pre-
departure delay was applied to de-conflict the UAM flights from each other at crossing and 
merge points.  

 
While testing strategic deconfliction, it was found that a balance is required between when 

the flight details are shared among operators and the size of the airspace volumes at the 
crossing points. The study uncovered that the implementation of specific services can have a 
considerable positive impact on the efficiency of the system. Further, the study also found that 
using volumes for trajectory planning for UAM operations results in inefficiencies and excessive 
delays and recommended the use of 4D trajectories rather than volumes. 

 
Several ConOps have been developed to address the challenges for integrating UAM 

aircraft into the NAS. The FAA published a UAM ConOps [5] that introduces new airspace 
technology such as the Provider of Services to UAM (PSU) and new structures (corridors). This 
document includes a description of low tempo UAM traffic flows consistent with current rules 
and regulations conducted by certified electric aircraft and conventional helicopters. The 
airspace structure is based on existing helicopter routes, helipads, policies, and regulations as 
well as present-day ATC services. At initial levels of UAM traffic, novel airspace structures or 
procedures (e.g., corridors) may not be needed. As the number of flights increase, UAM may 
require changes to the governing FAA policies and regulations augmented by Community 
Based Rules, new UAM airspace designs, and increased use of automation [5]. UAM flights 
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may occur within defined corridors between UAM aerodromes (a location from which UAM flight 
operations depart or arrive, also referred to as vertiport in this document) and will have specific 
aircraft performance requirements.  

 
Under current day visual flight rules (VFR) in Class B, ATC is not required to provide 

separation services between VFR and instrument flight rules (IFR) helicopters. However, they 
are required to provide separation between helicopters and other VFR/IFR aircraft and issue 
traffic advisories and safety alerts to IFR/VFR helicopters [13]. The FAA ConOps proposes that 
ATC will not provide tactical separation services to UAM flights within corridors. It is unclear if 
ATC would still communicate with the UAM flights inside the corridors and provide them traffic 
advisories. In the near term, tactical separation may remain with the onboard pilot and ATC 
communications may be required. In future, as volume of operations increase and operations 
utilize rules to expand beyond VFR in poor visibility conditions, tactical separation may be 
allocated to UAM operators and third-party service providers. The assumptions made in the 
studies [8,9] completed at NASA were consistent with the tenets of the FAA ConOps v1.0.  

 
NASA also developed a vision for UAM [6] that is focused on a more mature end-state 

system. NASA identified five pillars or components of an organizational framework to achieve 
success for UAM. These include community integration, airspace and fleet operations 
management, individual aircraft management and operations, aircraft development and 
production, and airspace system design and implementation. NASA also defined seven cross-
cutting barriers to achieve each pillar. These include safety, security, affordability, noise, 
automation, vertiports, and regulations/certification. This vision document identified success 
criteria for each pillar along with the barriers to each and included a comprehensive, top-down 
guide for integrating UAM into the NAS in the near term while considering far term 
requirements.   

   
To create a common framework of reference, NASA established the UAM Coordination and 

Assessment Team that generated a model for how UAM operations may evolve. The framework 
describes a UAM Maturity Level (UML) Scale (see Figure 1) [7,12]. Each level of the scale is 
tied to specific stated goals and defining characteristics. There are three overall stages including 
ñInitial State,ò ñIntermediate State,ò and ñMature State.ò UMLs falling under ñInitial Stateò 
represent near-term UAM operations. UML-1 is defined as ñLate-Stage Certification Testing and 
Operational Demonstrations in Limited Environmentsò and covers testing prior to commercial 
flights. The second stage under the ñInitial State,ò known as UML-2, is described as ñLow 
Density and Complexity Commercial Operations with Assistive Automation.ò In this ñInitial stateò 
the environment has low density and complexity traffic with favorable weather conditions in a 
limited number of ñearly adopterò locations with reliance on assistive automation.   

 
This report focuses on near term operations that utilize current day routes and procedures. 

However, planning for future UAM integration into the NAS in the intermediate and mature 
states is also considered.  

 



 

 
Figure 1.  UAM Maturity Levels (UMLs) 

Approach 
The NASA UAM Subproject in collaboration with Joby Elevate identified near-term use 

cases, routes, procedures, and tools available in the NAS to enable initial UAM. NASA worked 
in partnership with Joby Aviation, which provided perspectives on the business case along with 
performance information for the Joby eVTOL. The collaboration leveraged SMEs from the FAA, 
local air traffic facilities, and DFW airport who provided feedback. Multiple discussions were held 
with the SMEs to validate and explore the near-term use cases.  

 
The use cases described here are not meant to cover a broad or exhaustive range of 

possibilities but are intended to demonstrate how the airspace could be used by UAM aircraft in 
the near term with the anticipated capabilities and performance characteristics of the aircraft. 
This report reviews the conceptual work and key aspects of the use case development and 
analysis. This section describes how airspace for UAM operations that would require the least 
ATC interaction was identified, assumptions made for the use cases, proposed tools such as 
LOA and UNICOM areas, as well as roles and responsibilities of the different actors. 

Dallas Airspace 

The greater Dallas Fort Worth metropolitan area was chosen as the airspace for this 
research. It includes three major airports of interest for UAM operations including Dallas Fort 
Worth (DFW), Dallas Love Field (DAL), and Addison Airport (ADS). All airports in the DFW area 
are at about 600 ft above mean sea level (MSL). The terrain impacts the altitude depicted to 
controllers. For example, flights at 500 ft above ground level (AGL) show as 1,100 ft (MSL) on a 
terminal radar display. Both DFW and DAL are in Class B airspace, whereas ADS is Class D 
airspace. Additional surrounding airspace includes Classes G and E.  
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In Figure 2, DFW Tower, DAL Tower, and ADS airspace are depicted. In total, the DFW 
area airports feature four approach streams and four departure streams with DFW airport 
having the greatest number of traffic flows (Figure 6). Between years 2009 and 2017, average 
operations for commercial aviation operations at DFW alone ranged from 2,135 to 2,369 aircraft 
per day. 

 

To develop the use cases, a set of origin and destination points within the DFW airspace 
was chosen based on possible business case options and forecasted demand for UAM 
operations provided by the industry partner, Joby Aviation. The use case development began 
with a simple route that could possibly be flown under current day VFR in Class G/E airspace 
without the need for ATC interaction. The other use cases increase in complexity with one 
involving a non-emergency diversion due to an equipment malfunction.    
 

The UAM routes for the use cases were placed within airspace that was largely deconflicted 
from traditional air traffic at varying altitudes as shown in Figure 3. Standard Instrument 
Departures (SIDs) and Instrument Approach Procedures (IAP) were used to identify the 
airspace demands of traditional traffic around large airports (Figures 4 and 5). There is also an 
FAA requirement that ATC must provide wake turbulence advisories to aircraft with less than 
2,500 ft lateral or 1,000 ft vertical separation [13]. These criteria were applied to identify areas 
where UAM operations in Class B airspace would be separated from SID and IAP and this led 
the first iteration of the airspace for UAM operations.  

 

Maps Data: Google Earth 2019, Image Landsat/ Copernicus 

Figure 2.  DFW, DAL, and ADS airspace. 



 

 

 
 

This airspace was not planned to be segregated from other users. The objective was to have 
the least amount of conflict with legacy traffic so that it minimized ATC interactions. Figure 5 
shows the approach patterns into DFW in the South Flow and the altitude restrictions at different 
waypoints (e.g., NETEE is 2,400 ft MSL). The airspace identified for UAM operations at 1,100 
MSL is about 1,000 ft below what the legacy flights are expected to fly (e.g., 2,300 ft MSL at 
HASTY or 2,400 ft MSL at NETEE). Similarly, Figure 5 shows the expected altitude the legacy 
flights will fly from the departure end of the runway in South Flow. The green band of airspace 
identified in Figure 5 shows that UAM flights would be at 1,000 ft MSL while the legacy flights 

Maps Data: Google Earth 2019, Image Landsat/ Copernicus 

Figure 3.  Class B and D airspace designed to minimize interactions with IFR aircraft. 

Maps Data: Google Earth 2019, Image Landsat/ Copernicus 

Figure 4.  DFW arrival procedures.  Fixes and altitudes for the expected path of 18L arrival traffic. 

 Google Earth, 2019 
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would be at 2,166 ft MSL at that location, which provides 1,000 ft separation between the legacy 
and UAM flights. 

 
 

Maps Data: Google Earth 2019, Image Landsat/ Copernicus 

Figure 5. DARTZ Departure. DARTZ departure procedure depicts the expected path of 18L 

departure traffic. 

 
The airspace was further evaluated using historical track data (see Figures 6 and 7) to 

ensure that most of the UAM flights were outside the wake turbulence advisory criteria. For the 
purpose of these uses cases, all the UAM operations were planned to fly at 1,000 ft AGL. The 
result was to identify airspace for UAM flights that are separated (about 95% of the time) from 
legacy traffic (see Figure 4). The methodology for identifying this airspace is explained in more 
detail in [14]. 

 
A UNICOM area is a non-government communication facility which provides airport 

information via CTAF at certain non-towered airports, including parking information, the 
availability of pads, and other safety, logistical, and situation awareness data. The pilot is able to 
communicate on the UNICOM common frequency before they enter the UNICOM area and 
while they are inside the area to coordinate with other traffic. A candidate UNICOM area is 
defined by the purple shaded area in Figure 3 as part of the use case development. It is a 
relatively small portion of the DFW Class Bravo surface area identified as possible airspace that 
may be used by flights without requiring ATC communications or clearances. For the purpose of 
this paper, the UNICOM (area) refers to the area defined over Dallas Downtown (see the purple 
area in Figure 8). 
 

 Google Earth, 2019 

 Google Earth, 2019 



 

 

 

Maps Data: Google Earth 2019, Image Landsat/ Copernicus 

Figure 6. DFW arrival tracks in green and departures in red. 

 

 

Maps Data: Google Earth 2019, Image Landsat/ Copernicus 

Figure 7. DAL arrivals. Tracks are shown in blue. 




































































